Data are available from the Institute for Clinical Evaluative Sciences in Toronto, Ontario (contact ICES Data and Analytic Services at <http://www.ices.on.ca/DAS>) for researchers who meet the criteria for access to confidential data.

Introduction {#sec007}
============

Dementia (including Alzheimer disease) is a progressively debilitating condition associated with cognitive and functional impairment and behavioral challenges. As a condition affecting primarily older adults \[[@pmed.1002249.ref001]\], most individuals with dementia also have other coexisting chronic conditions, or multimorbidity. This creates complex challenges for clinical care \[[@pmed.1002249.ref002]\]. For example, certain conditions, such as stroke \[[@pmed.1002249.ref003]\] and diabetes \[[@pmed.1002249.ref004]\], have been linked to accelerated cognitive decline. Dementia-related impairments can also hinder a patient's ability to self-manage concurrent diseases, adhere to therapies, or effectively communicate the signs and symptoms of complications to care providers, which may lead to adverse outcomes \[[@pmed.1002249.ref005]\]. Therefore, common goals for dementia care are to manage coexisting conditions and, where possible, to prevent potentially avoidable care transitions, including hospitalization and institutionalization \[[@pmed.1002249.ref006]\].

Healthcare utilization, including hospital admissions \[[@pmed.1002249.ref007]--[@pmed.1002249.ref011]\] and emergency department (ED) visits \[[@pmed.1002249.ref010]--[@pmed.1002249.ref013]\], has been shown to be elevated among older adults diagnosed with dementia. Hospital and ED visits are particularly relevant for persons with dementia given their heightened risks for cognitive and functional decline during and after hospitalization \[[@pmed.1002249.ref014]--[@pmed.1002249.ref016]\]. Such vulnerability places these patients at further risk of additional care transitions following acute care discharge, including readmission to the ED \[[@pmed.1002249.ref012]\] or hospital or placement in a long-term care (LTC) facility \[[@pmed.1002249.ref017]\], as well as death \[[@pmed.1002249.ref018]\]. Associations between these outcomes and multimorbidity are poorly understood within the dementia population, but may be useful for healthcare providers and policymakers in targeting high-risk individuals for enhanced patient-centered care, and improving patient integration across all sectors of the healthcare system.

A further concern is that older adults with dementia and coexisting conditions may be susceptible to care fragmentation, as they frequently receive care from multiple physicians across the healthcare system each year \[[@pmed.1002249.ref019]\]. This can lead to deficiencies in care delivery, including poor communication between providers and medication errors. A recent US study of older adults with dementia found that lower continuity of physician care (COC) was associated with greater healthcare utilization \[[@pmed.1002249.ref020]\], but important gaps exist in our understanding of utilization patterns among persons with dementia and multimorbidity, particularly in the context of healthcare systems that provide universal access to services.

In the current study, we used linked population-based health administrative and clinical assessment data to quantify associations between multimorbidity and two healthcare utilization outcomes, hospital admissions and ED visits, among community-residing individuals with dementia in Ontario, Canada. We focused specifically on individuals with dementia in the home care setting. In Ontario, as elsewhere, the home care sector is a growing component of healthcare delivery that helps older adults to maintain independence within their home residence while reducing overall health system costs. Individuals with dementia comprise a large proportion of this population \[[@pmed.1002249.ref021],[@pmed.1002249.ref022]\]. As a secondary objective, we tested whether COC had a direct association with healthcare utilization and whether COC modified the associations between multimorbidity and the hospitalization and ED visit outcomes. In a recently published study \[[@pmed.1002249.ref023]\], the association between multimorbidity and hospitalization was less pronounced among individuals with greater physician continuity in the general population. We hypothesized that similar findings of effect modification by COC would be observed among persons with dementia.

Methods {#sec008}
=======

This study was approved by the Research Ethics Board of Sunnybrook Health Sciences Centre (Toronto, Canada). As we used health information routinely collected in Ontario, informed consent from study participants was not required. The study is reported per RECORD guidelines ([S1 Text](#pmed.1002249.s010){ref-type="supplementary-material"}). The study protocol is available in [S2 Text](#pmed.1002249.s011){ref-type="supplementary-material"}.

Study design and setting {#sec009}
------------------------

We conducted a retrospective analysis of linked population-based health administrative and clinical assessment data in Ontario, Canada's largest province and home to over 13 million residents. Almost all Ontarians are covered by a universal health insurance program that pays for all medically necessary inpatient, emergency, and physician services, and includes coverage for medications for individuals 65 y of age and older. Publicly funded home care services and LTC placements are coordinated and delivered through regional Community Care Access Centres. Home care services are provided on a short- or long-stay basis. The latter refers to ongoing supportive care required for more than 60 d in a single episode. In Ontario, it is mandatory for all long-stay home care clients to be assessed with a comprehensive clinical assessment tool, the Resident Assessment Instrument for Home Care (RAI-HC), on a semiannual basis.

All services provided via the public health insurance system are recorded in databases and later linked deterministically using unique encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences in Toronto. Each dataset used in this study is described in [S1 Table](#pmed.1002249.s004){ref-type="supplementary-material"}.

Study population {#sec010}
----------------

We identified all Ontario residents aged 50 y and older who received a RAI-HC assessment between January 1, 2012, and June 30, 2012, and had been diagnosed with dementia prior to the assessment date. Dementia was identified based on the presence of (1) a relevant diagnostic code ([S2 Table](#pmed.1002249.s005){ref-type="supplementary-material"}) recorded on a hospital discharge, (2) a relevant diagnostic code recorded on three physician billings separated by at least 30 d occurring within a 2-y period, or (3) dispensing of any cholinesterase inhibitor (whose only indications are for the treatment of Alzheimer disease or dementia associated with Parkinson disease). This case ascertainment algorithm has been validated in Ontario \[[@pmed.1002249.ref024]\]. We restricted our population to individuals with a RAI-HC assessment in order to include only those with dementia living in the community and to obtain additional health and functional status information for the study population that is available only from the RAI-HC. We excluded individuals if they had missing information on age or sex, or were not eligible for healthcare coverage at the time of RAI-HC assessment. One RAI-HC assessment per individual was selected for analysis (index RAI-HC assessment), the nearest to April 1, 2012. Counts according to the study exclusion criteria are shown in [S3 Table](#pmed.1002249.s006){ref-type="supplementary-material"}.

Exposure {#sec011}
--------

For all individuals included in the study, we determined the presence of 16 comorbid conditions. Each condition was defined at the time of index RAI-HC assessment using historical data. Consistent with previous studies on multimorbidity in Ontario \[[@pmed.1002249.ref022],[@pmed.1002249.ref023],[@pmed.1002249.ref025],[@pmed.1002249.ref026]\], these conditions were selected based on their large economic impact and high prevalence in the general population \[[@pmed.1002249.ref027]--[@pmed.1002249.ref029]\], and included the following: acute myocardial infarction, asthma, any cancer, cardiac arrhythmia, chronic coronary syndrome, chronic obstructive pulmonary disorder, congestive heart failure, diabetes, hypertension, non-psychotic mood and anxiety disorders, other mental illnesses (which included schizophrenia, delusions, and other psychoses; personality disorders; and substance abuse), osteoarthritis, osteoporosis, renal failure, rheumatoid arthritis, and stroke (excluding transient ischemic attack). All cases were identified from Ontario Health Insurance Plan database and Discharge Abstract Database (DAD) data using ICD-9 and -10 codes. Validated case ascertainment algorithms (where available) or similar case definition approaches were used ([S2 Table](#pmed.1002249.s005){ref-type="supplementary-material"}). For these conditions, for each individual we defined level of multimorbidity (i.e., chronic disease burden) as the number of prevalent chronic conditions in addition to dementia. This was coded as 0--1, 2, 3, 4, or 5+.

Covariates {#sec012}
----------

As proxies for disease severity, we derived two independent markers from the RAI-HC data, the Minimum Data Set Health Status Index (MDS-HSI), and the Changes in Health, End-stage disease and Symptoms and Signs (CHESS) scale. The MDS-HSI is a preference-based measure of health-related quality of life that includes six domains (sensation, mobility, emotion, cognition, self-care, and pain) \[[@pmed.1002249.ref030]\]. Values range from 1.00 (perfect health state) to −0.02 (health state worse than death, which is scored at 0). In contrast, CHESS is an ordinal measure used to detect instability in health for older adults and has been shown to be a strong predictor of hospitalization and mortality in older adults \[[@pmed.1002249.ref031],[@pmed.1002249.ref032]\]. We coded values to range from 0 (no health instability) to 4 (high to very high instability).

We measured COC using the Bice--Boxerman continuity of care index \[[@pmed.1002249.ref033]\]. This index measures the extent to which a patient visits the same clinician for ongoing medical care over a defined period. Values range from 0 to 1, where scores approaching 1 reflect a higher concentration of visits to a single physician. We included all ambulatory visits over the 2 y prior to the index RAI-HC assessment and considered all physician specialties because both primary care physicians and specialists play a role in the management of chronic conditions. The Bice--Boxerman index accounts for physician referrals. Each individual was categorized as having either a high COC or low COC, with high COC defined as a Bice-Boxerman index value greater than or equal to the median score in the study population. Alternative COC measures were explored in sensitivity analyses, as noted below.

Age, sex, and date of death (where applicable) were identified from the Ontario Registered Persons Database, and neighborhood-level income quintile and rurality (urban or rural residence) \[[@pmed.1002249.ref034]\] from the 2006 census. Marital status was derived from the index RAI-HC assessment; categories included married, separated/divorced, widowed, and never married. All LTC placements following the index RAI-HC event (where applicable) were derived from Continuing Care Reporting System data. Lastly, the number of acute hospital episodes and the number of unplanned ED visits that each client experienced in the 1 y prior to their index RAI-HC assessment were identified from the DAD and National Ambulatory Care Reporting System datasets, respectively.

Outcomes {#sec013}
--------

We followed each individual prospectively for 1 y following their index RAI-HC assessment to identify the time (in days) to (1) first acute inpatient hospital admission (DAD data) and (2) first unplanned ED visit that did not result in an inpatient stay (National Ambulatory Care Reporting System data). For both measures, all causes were considered.

Analysis {#sec014}
--------

We described the distribution of baseline sociodemographic characteristics, clinical characteristics, and the frequency of prior health service utilization by level of multimorbidity. We modeled associations between level of multimorbidity and the risk of (1) acute hospitalization and (2) unplanned ED visit with a competing risks regression derived from Fine and Gray's proportional sub-hazards model \[[@pmed.1002249.ref035]\] using Stata's *stcrreg* command. This regression is based on the cumulative incidence function, which quantifies the probability of an event of interest (hospitalization or ED visit) during the study follow-up period, acknowledging the possibility of one or more competing events. Deaths and placements into LTC facilities were considered competing events. Individuals who did not experience any outcome (event, death, or LTC admission) were censored at the end of the 1-y observation period. We derived age- and sex-adjusted associations between level of multimorbidity and each outcome. Multivariable competing risk regressions then assessed the risk of hospitalization or ED visit by level of multimorbidity adjusting for age, sex, income quintile, rurality, marital status, COC, health-related quality of life (MDS-HSI), CHESS, prior hospitalizations, and prior ED visits. Plots of Schoenfeld residuals were used to assess the assumption of proportionality, which was not violated in any of the models. Individuals missing information on any covariate were excluded from each analysis; however, no single covariate had more than 1.8% missing (COC).

To determine whether COC modified the association between level of multimorbidity and the hospitalization and ED visit outcomes, an interaction term was added to each multivariable model. We plotted resulting coefficients for visual representation of effect modification and used Stata's post-estimation *lincom* command to assess statistical differences in the risk of each outcome by COC with increasing levels of multimorbidity. Ten sub-hazard ratio (sHR) estimates were derived: one per level of multimorbidity (*n* = 5) per outcome (*n* = 2). In addition, for both outcomes, a Wald test was used to assess whether the sHRs associated with low COC were the same for each level of multimorbidity.

Sensitivity analyses assessed the influence of particular subgroups expected to have either a higher or lower baseline risk of admission to hospital or to the ED. Specifically, multivariable analyses were repeated that excluded from our study population individuals whose index RAI-HC assessment was related to either a "change in status" or "review at the return from hospital" (sensitivity analysis 1) and individuals living with modest to very severe cognitive impairment, based on Cognitive Performance Scale value ≥ 4 (sensitivity analysis 2). We also assessed the robustness of our COC measure and effect modification findings by recalculating COC by excluding individuals with \<3 physician visits (sensitivity analysis 3) and also by categorizing COC into tertiles (low, medium, and high COC; sensitivity analysis 4).

Results {#sec015}
=======

We identified 30,112 individuals in Ontario with dementia who had a RAI-HC assessment between January 1 and June 30, 2012. They represented 27.5% of all home care clients otherwise eligible for study inclusion ([S3 Table](#pmed.1002249.s006){ref-type="supplementary-material"}). [Table 1](#pmed.1002249.t001){ref-type="table"} presents characteristics of the study population. The mean age of the study population was 83.0 (standard deviation 7.7) y, 63% were women (*n =* 19,056), and 88% lived in an urban setting (*n =* 26,461). Eleven percent of the study population (*n =* 3,309) was diagnosed with dementia alone (*n =* 755) or with dementia and one other condition (*n =* 2,554). A total of 89% (*n =* 26,804) had two or more conditions in addition to dementia, while 35% (*n =* 10,568) had five or more comorbid conditions in addition to dementia. The most prevalent comorbid conditions were hypertension (82.4%), osteoarthritis (59.7%), and diabetes (34.4%) ([S4 Table](#pmed.1002249.s007){ref-type="supplementary-material"}). Both proxies for disease severity (MDS-HSI and CHESS) showed greater impairment with higher levels of multimorbidity, while prior healthcare utilization (hospitalizations and ED visits in the past 1 y) increased with increasing number of chronic conditions. Median COC in the population was 0.63. Continuity decreased with each additional level of multimorbidity.

10.1371/journal.pmed.1002249.t001

###### Profile of long-stay home care clients with dementia in Ontario in 2012, by level of multimorbidity (number of prevalent chronic conditions in addition to dementia).

![](pmed.1002249.t001){#pmed.1002249.t001g}

  Variable                                                                             Overall (*n =* 30,112)   Number of chronic conditions in addition to dementia                                                               
  ------------------------------------------------------------------------------------ ------------------------ ------------------------------------------------------ ------------------- ------------------- ------------------- -------------------
  **Sociodemographics**                                                                                                                                                                                                            
  Age (years), mean ± SD                                                               83.0 ± 7.7               80.9 ± 9.2                                             82.8 ± 7.8          83.1 ± 7.6          83.6 ± 7.4          83.5 ± 7.1
  Women                                                                                19,056 (63.3%)           2,031 (61.4%)                                          3,208 (66.8%)       3,839 (65.7%)       3,607 (64.5%)       6,371 (60.3%)
  Urban resident                                                                       26,461 (87.9%)           2,839 (85.8%)                                          4,142 (86.3%)       5,112 (87.4%)       4,918 (88.0%)       9,450 (89.4%)
  **Income quintile**                                                                                                                                                                                                              
  1 (low)                                                                              6,359 (21.1%)            632 (19.1%)                                            960 (20.0%)         1,231 (21.1%)       1,197 (21.4%)       2,339 (22.1%)
  2                                                                                    6,095 (20.2%)            648 (19.6%)                                            962 (20.0%)         1,142 (19.5%)       1,164 (20.8%)       2,179 (20.6%)
  3                                                                                    5,786 (19.2%)            656 (19.8%)                                            951 (19.8%)         1,135 (19.4%)       1,059 (18.9%)       1,985 (18.8%)
  4                                                                                    5,919 (19.7%)            651 (19.7%)                                            961 (20.0%)         1,195 (20.4%)       1,078 (19.3%)       2,034 (19.2%)
  5 (high)                                                                             5,832 (19.4%)            708 (21.4%)                                            940 (19.6%)         1,121 (19.2%)       1,067 (19.1%)       1,996 (18.9%)
  **Marital status**                                                                                                                                                                                                               
  Married                                                                              12,563 (41.7%)           1,487 (44.9%)                                          1,946 (40.6%)       2,424 (41.5%)       2,260 (40.4%)       4,446 (42.1%)
  Widowed                                                                              14,439 (48.0%)           1,403 (42.4%)                                          2,352 (49.0%)       2,864 (49.0%)       2,778 (49.7%)       5,042 (47.7%)
  Separated/divorced                                                                   1,744 (5.8%)             217 (6.6%)                                             258 (5.4%)          318 (5.4%)          302 (5.4%)          649 (6.1%)
  Never married/other                                                                  1,366 (4.5%)             202 (6.1%)                                             243 (5.1%)          241 (4.1%)          249 (4.5%)          431 (4.1%)
  **MDS-HSI**                                                                                                                                                                                                                      
  Mean ± SD                                                                            0.45 ± 0.21              0.48 ± 0.22                                            0.47 ± 0.21         0.46 ± 0.21         0.44 ± 0.20         0.43 ± 0.19
  Median (IQR)                                                                         0.63 (0.40--0.88)        0.69 (0.40--1.00)                                      0.67 (0.44--1.00)   0.66 (0.41--0.90)   0.64 (0.42--0.87)   0.59 (0.38--0.82)
  **CHESS scale**                                                                                                                                                                                                                  
  No instability                                                                       7,274 (24.2%)            944 (28.5%)                                            1,283 (26.7%)       1,508 (25.8%)       1,322 (23.7%)       2,217 (21.0%)
  Minimal instability                                                                  9,132 (30.3%)            1,001 (30.3%)                                          1,475 (30.7%)       1,777 (30.4%)       1,720 (30.8%)       3,159 (29.9%)
  Low instability                                                                      8,825 (29.3%)            969 (29.3%)                                            1,383 (28.8%)       1,721 (29.4%)       1,662 (29.7%)       3,090 (29.2%)
  Moderate instability                                                                 3,658 (12.1%)            301 (9.1%)                                             514 (10.7%)         627 (10.7%)         654 (11.7%)         1,562 (14.8%)
  High to very high instability                                                        1,223 (4.1%)             94 (2.8%)                                              144 (3.0%)          214 (3.7%)          231 (4.1%)          540 (5.1%)
  **Prior acute hospitalizations (past year)**                                                                                                                                                                                     
  None                                                                                 18,121 (60.2%)           2,611 (78.9%)                                          3,468 (72.3%)       3,876 (66.3%)       3,364 (60.2%)       4,802 (45.4%)
  1                                                                                    7,920 (26.3%)            573 (17.3%)                                            1,052 (21.9%)       1,440 (24.6%)       1,563 (28.0%)       3,292 (31.2%)
  2+                                                                                   4,071 (13.5%)            125 (3.8%)                                             279 (5.8%)          531 (9.1%)          662 (11.8%)         2,474 (23.4%)
  **Prior emergency department visits (past year)**                                                                                                                                                                                
  None                                                                                 15,292 (50.8%)           2,130 (64.4%)                                          2,804 (58.4%)       3,180 (54.4%)       2,765 (49.5%)       4,413 (41.8%)
  1                                                                                    7,412 (24.6%)            706 (21.3%)                                            1,158 (24.1%)       1,425 (24.4%)       1,408 (25.2%)       2,715 (25.7%)
  2+                                                                                   7,408 (24.6%)            473 (14.3%)                                            837 (17.4%)         1,242 (21.2%)       1,416 (25.3%)       3,440 (32.6%)
  **Continuity of care (Bice-Boxerman index)**[^1^](#t001fn002){ref-type="table-fn"}                                                                                                                                               
  Mean ± SD                                                                            0.63 ± 0.28              0.66 ± 0.31                                            0.66 ± 0.28         0.64 ± 0.28         0.63 ± 0.27         0.59 ± 0.27
  Median (IQR)                                                                         0.63 (0.40--0.88)        0.69 (0.40--1.00)                                      0.67 (0.44--1.00)   0.66 (0.41--0.90)   0.64 (0.42--0.87)   0.59 (0.38--0.82)
  Low (\< median)                                                                      14,754 (49.0%)           1,420 (42.9%)                                          2,154 (44.9%)       2,739 (46.8%)       2,714 (48.6%)       5,727 (54.2%)
  High (≥ median)                                                                      14,825 (49.2%)           1,703 (51.5%)                                          2,536 (52.8%)       3,010 (51.5%)       2,805 (50.2%)       4,771 (45.1%)

Data are given as number (percent) unless otherwise indicated. CHESS values to range from 0 (no health instability) to 4 (high to very high instability), with higher values indicative of adverse outcomes.

^1^Includes only study participants with one or more ambulatory visits over the 2 y prior to the index Resident Assessment Instrument for Home Care assessment (1.8% missing information).

CHESS, Changes in Health, End-stage disease and Symptoms and Signs; IQR, interquartile range; MDS-HSI, Minimum Data Set Health Status Index; SD, standard deviation.

[Table 2](#pmed.1002249.t002){ref-type="table"} shows that 29% (*n =* 8,759) and 34% (*n =* 10,189) of the study population experienced an acute care hospitalization or ED visit, respectively, as their first event during the 1-y follow-up period (data presented by high and low COC in [S5 Table](#pmed.1002249.s008){ref-type="supplementary-material"}). Both of the proportions increased with higher levels of multimorbidity, from 19% (0--1 chronic conditions) to 37% (5+ chronic conditions) for hospitalization and from 25% (0--1 chronic conditions) to 40% (5+ chronic conditions) for ED visit. Overall, 18% (*n =* 5,298) of the study population died at any point during the 1-y follow-up period, and 38% (*n =* 11,349) entered LTC.

10.1371/journal.pmed.1002249.t002

###### Proportion of long-stay home care clients with dementia in Ontario in 2012 who experienced each outcome (any acute hospitalization or any emergency department visit) during the 1-y follow-up period, accounting for multiple competing risks (death, long-term care admission, censoring at end of follow-up).
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  Outcome                                                        Overall (*n =* 30,112)   Number of chronic conditions in addition to dementia                                                   
  -------------------------------------------------------------- ------------------------ ------------------------------------------------------ --------------- --------------- --------------- ---------------
  **Acute hospitalization**                                                                                                                                                                      
  Censored                                                       11,220 (37.3%)           1,312 (39.6%)                                          1,922 (40.1%)   2,329 (39.8%)   2,153 (38.5%)   3,504 (33.2%)
  Event                                                          8,759 (29.1%)            633 (19.1%)                                            1,083 (22.6%)   1,485 (25.4%)   1,616 (28.9%)   3,942 (37.3%)
  Died                                                           1,141 (3.8%)             128 (3.9%)                                             143 (3.0%)      216 (3.7%)      183 (3.3%)      471 (4.5%)
  Admitted to LTC                                                8,992 (29.9%)            1,236 (37.4%)                                          1,651 (34.4%)   1,817 (31.1%)   1,637 (29.3%)   2,651 (25.1%)
  **Emergency department visit**                                                                                                                                                                 
  Censored                                                       8,824 (29.3%)            1,069 (32.3%)                                          1,536 (32.0%)   1,817 (31.1%)   1,684 (30.1%)   2,718 (25.7%)
  Event                                                          10,189 (33.8%)           831 (25.1%)                                            1,363 (28.4%)   1,866 (31.9%)   1,954 (35.0%)   4,175 (39.5%)
  Died                                                           2,104 (7.0%)             186 (5.6%)                                             279 (5.8%)      385 (6.6%)      354 (6.3%)      900 (8.5%)
  Admitted to LTC                                                8,995 (29.9%)            1,223 (37.0%)                                          1,621 (33.8%)   1,779 (30.4%)   1,597 (28.6%)   2,775 (26.3%)
  **Any competing risk**[^1^](#t002fn002){ref-type="table-fn"}                                                                                                                                   
  Died                                                           5,298 (17.6%)            436 (13.2%)                                            681 (14.2%)     932 (15.9%)     945 (16.9%)     2,304 (21.8%)
  Admitted to LTC                                                11,349 (37.7%)           1,460 (44.1%)                                          1,987 (41.4%)   2,225 (38.1%)   2,078 (37.2%)   3,599 (34.1%)

Data are given as number (percent).

^1^Frequencies over the 1-y follow-up period, regardless of first event.

LTC, long-term care.

Results from age- and sex-adjusted and multivariable competing risk analyses are shown in [Table 3](#pmed.1002249.t003){ref-type="table"}. For both hospitalization and ED visit, risk increased monotonically with higher levels of multimorbidity. All comparisons (reference group is 0--1 chronic conditions) were statistically significant (*p \<* 0.05). For hospitalization, risk among those with five or more conditions was more than double (sHR = 2.18, 95% CI: 2.00--2.37) that of individuals with 0--1 conditions in age- and sex-adjusted analyses. In the full model, the sHR was reduced slightly to 1.88 (95% CI: 1.72--2.05). Similarly for ED visit, the age- and sex-adjusted risk was 76% greater among those with five or more conditions (versus 0--1 conditions, sHR = 1.76, 95% CI: 1.63--1.90). In the full model, sub-hazards were 63% greater (sHR = 1.63, 95% CI: 1.51--1.77).

10.1371/journal.pmed.1002249.t003

###### Association between level of multimorbidity (number of diagnosed chronic conditions) and 1-y risk of acute hospitalization and emergency department visit among long-stay home care clients with dementia in Ontario in 2012.
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                                  Outcome: hospitalization   Outcome: ED visit                                                                                   
  ------------------------------- -------------------------- ------------------- ------------------- --------- ------------------- --------- ------------------- ---------
  **Level of multimorbidity**                                                                                                                                    
  0--1 CCs                        1.00 \[Ref\]                                   1.00 \[Ref\]                  1.00 \[Ref\]                  1.00 \[Ref\]        
  2 CCs                           1.20 (1.09--1.33)          \<0.001             1.17 (1.06--1.29)   0.003     1.17 (1.07--1.27)   0.001     1.15 (1.05--1.26)   0.002
  3 CCs                           1.37 (1.25--1.51)          \<0.001             1.30 (1.18--1.43)   \<0.001   1.34 (1.24--1.46)   \<0.001   1.29 (1.18--1.40)   \<0.001
  4 CCs                           1.60 (1.46--1.75)          \<0.001             1.48 (1.34--1.63)   \<0.001   1.50 (1.39--1.63)   \<0.001   1.43 (1.31--1.56)   \<0.001
  5+ CCs                          2.18 (2.00--2.37)          \<0.001             1.88 (1.72--2.05)   \<0.001   1.76 (1.63--1.90)   \<0.001   1.63 (1.51--1.77)   \<0.001
  **Sex**                                                                                                                                                        
  Women                           1.00 \[Ref\]                                   1.00 \[Ref\]                  1.00 \[Ref\]                  1.00 \[Ref\]        
  Men                             1.21 (1.16--1.27)          \<0.001             1.18 (1.13--1.24)   \<0.001   0.98 (0.95--1.03)   0.452     0.94 (0.90--0.99)   0.011
  **Age (continuous)**            1.00 (1.00--1.01)          0.003               1.01 (1.00--1.01)   \<0.001   0.99 (0.00--1.00)   \<0.001   1.00 (1.00--1.00)   0.453
  **Income quintile**                                                                                                                                            
  1 (low)                                                                        1.02 (0.96--1.09)   0.466                                   1.07 (1.00--1.14)   0.035
  2                                                                              1.01 (0.94--1.08)   0.797                                   1.13 (1.06--1.20)   \<0.001
  3                                                                              0.95 (0.89--1.02)   0.128                                   1.05 (0.98--1.12)   0.138
  4                                                                              0.91 (0.85--0.98)   0.008                                   1.04 (0.97--1.11)   0.246
  5 (high)                                                                       1.00 \[Ref\]                                                1.00 \[Ref\]        
  **Marital status**                                                                                                                                             
  Married                                                                        1.00 \[Ref\]                                                1.00 \[Ref\]        
  Widowed                                                                        0.98 (0.93--1.03)   0.327                                   0.95 (0.90--0.99)   0.021
  Separated/divorced                                                             0.98 (0.90--1.08)   0.754                                   0.93 (0.86--1.02)   0.121
  Never married/other                                                            0.86 (0.77--0.97)   0.010                                   0.87 (0.78--0.96)   0.005
  **Residence**                                                                                                                                                  
  Urban                                                                          1.00 \[Ref\]                                                1.00 \[Ref\]        
  Rural                                                                          1.03 (0.96--1.10)   0.424                                   1.18 (1.12--1.25)   \<0.001
  **Continuity of care**                                                                                                                                         
  Low (\<median)                                                                 1.02 (0.97--1.06)   0.418                                   1.03 (0.99--1.07)   0.159
  High (≥median)                                                                 1.00 \[Ref\]                                                1.00 \[Ref\]        
  **Prior hospitalizations**                                                                                                                                     
  None                                                                           1.00 \[Ref\]                                                1.00 \[Ref\]        
  1                                                                              1.14 (1.09--1.20)   \<0.001                                 0.94 (0.89--0.98)   0.010
  ≥2                                                                             1.40 (1.31--1.49)   \<0.001                                 1.04 (0.98--1.11)   0.203
  **Prior ED visits**                                                                                                                                            
  None                                                                           1.00 \[Ref\]                                                1.00 \[Ref\]        
  1                                                                              1.22 (1.16--1.29)   \<0.001                                 1.36 (1.30--1.43)   \<0.001
  ≥2                                                                             1.39 (1.32--1.47)   \<0.001                                 1.94 (1.85--2.04)   \<0.001
  **MDS-HSI (continuous)**                                                       1.25 (1.12--1.39)   \<0.001                                 2.36 (2.13--2.62)   \<0.001
  **CHESS scale**                                                                                                                                                
  No instability                                                                 1.00 \[Ref\]                                                1.00 \[Ref\]        
  Minimal instability                                                            1.08 (1.02--1.14)   0.012                                   1.01 (0.96--1.06)   0.709
  Low instability                                                                0.98 (0.93--1.05)   0.595                                   0.93 (0.88--0.98)   0.011
  Moderate instability                                                           1.09 (1.01--1.18)   0.029                                   0.89 (0.83--0.96)   0.003
  High to very high instability                                                  1.05 (0.93--1.18)   0.442                                   0.82 (0.73--0.92)   0.001

CHESS values to range from 0 (no health instability) to 4 (high to very high instability), with higher values indicative of adverse outcomes.

CC, chronic condition; CHESS, Changes in Health, End-stage disease and Symptoms and Signs; ED, emergency department; MDS-HSI, Minimum Data Set Health Status Index; sHR, sub-hazard ratio.

Of note in the multivariable models, men (versus women) had a greater risk of hospitalization (sHR = 1.18, 95% CI: 1.13--1.24) but lower risk of an ED visit that did not result in an inpatient stay (sHR = 0.94, 95% CI: 0.90--0.99). For both outcomes, sub-hazards were not linearly associated with income quintile. Hospitalization risk was no different by rurality, but risk of an ED visit was greater among rural (versus urban) residents (sHR = 1.18, 95% CI: 1.12--1.25). Additionally, clients with previous hospitalizations in the past year were significantly more likely to be admitted to hospital during follow-up but not more likely to experience an ED visit (e.g., for clients with 2+ recent hospitalizations compared with none, sHRs were 1.40, 95% CI: 1.31--1.49, and 1.04, 95% CI: 0.98--1.11, for hospitalization and ED visit risk, respectively, from multivariable analyses). Previous ED visits were associated with a significantly greater risk for both outcomes (e.g., for clients with 2+ recent ED visits compared to none, sHRs were 1.39, 95% CI: 1.32--1.47, and 1.94, 95% CI: 1.85--2.04, for hospitalization and ED visit risk, respectively).

Adjusted for age and sex only, low (versus high) COC was associated with an 11% increased risk of hospitalization (sHR = 1.11, 95% CI: 1.07--1.16) and a 7% increased risk for an ED visit (sHR = 1.07, 95% CI: 1.03--1.11). These associations were not statistically significant, however, in the full multivariable models ([Table 3](#pmed.1002249.t003){ref-type="table"}). [Fig 1](#pmed.1002249.g001){ref-type="fig"} illustrates the effect modification by COC on level of multimorbidity for both outcomes, [Table 4](#pmed.1002249.t004){ref-type="table"} presents sHRs for low (versus high) COC at each level of multimorbidity (reference = 0--1 chronic conditions), and [S1 Fig](#pmed.1002249.s001){ref-type="supplementary-material"}. shows cumulative incidence estimates. Although point estimates diverged, no comparisons were statistically significant; in other words, COC did not statistically (using a *p \<* 0.05 criterion) modify the association between level of multimorbidity and either outcome. Wald tests for significance of the interaction terms confirmed this finding (*p =* 0.566 for hospitalizations and *p =* 0.637 for ED visits).

![The association between level of multimorbidity and 1-y risk of acute hospitalization and emergency department visit as modified by continuity of care.\
Sub-hazard ratios account for the competing risks of death and long-term care admission. Estimates adjusted for age, sex, income, marital status, rurality, prior hospitalizations and ED visits, Minimum Data Set Health Status Index, and Changes in Health, End-stage disease and Symptoms and Signs scale. CC, chronic condition; COC, continuity of physician care.](pmed.1002249.g001){#pmed.1002249.g001}
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###### Sub-hazard ratios and 95% confidence intervals representing the effect modification of low (versus high, reference) continuity of care at each level of multimorbidity (from multivariable regression).

![](pmed.1002249.t004){#pmed.1002249.t004g}

  Level of multimorbidity   Outcome: hospitalization   Outcome: ED visit                       
  ------------------------- -------------------------- ------------------- ------------------- -------
  0--1 CCs                  0.92 (0.76--1.01)          0.299               1.02 (0.89--1.18)   0.779
  2 CCs                     1.13 (0.92--1.38)          0.251               1.02 (0.86--1.22)   0.819
  3 CCs                     1.07 (0.89--1.30)          0.464               0.94 (0.80--1.12)   0.508
  4 CCs                     1.16 (0.96--1.41)          0.116               1.02 (0.87--1.21)   0.784
  5 CCs                     1.11 (0.94--1.33)          0.223               1.03 (0.88--1.20)   0.712

Models adjust for all covariates: age, sex, income, marital status, rurality, prior hospitalizations, prior emergency department use, Minimum Data Set Health Status Index, Changes in Health, End-stage disease and Symptoms and Signs scale, plus interaction between COC and level of multimorbitiy used to derive associations.

CC, chronic condition; COC, continuity of physician care; sHR, sub-hazard ratio.

The results from multiple sensitivity analyses are presented in [S6 Table](#pmed.1002249.s009){ref-type="supplementary-material"} and [S2](#pmed.1002249.s002){ref-type="supplementary-material"} and [S3](#pmed.1002249.s003){ref-type="supplementary-material"} Figs. In each model tested, there were no differences in data interpretation to that of our primary analyses.

Discussion {#sec016}
==========

In our investigation of older community residents with dementia receiving home care services in Ontario, Canada, we observed a large burden of comorbid chronic disease in addition to dementia, and this multimorbidity was associated with an increased risk of subsequent hospital admission and ED visit. In multivariable analyses that accounted for competing risks of death and LTC admission, risks of all-cause hospitalization and ED visit both increased monotonically with each additional diagnosis, and were 88% greater and 63% greater, respectively, among those with five or more comorbid conditions relative to those with dementia alone or with dementia and one other condition. In this population, low physician continuity was associated with elevated risk of hospitalization and ED use in age- and sex-adjusted analyses, but not in multivariate models. Contrary to our hypothesis, greater COC did not modify the association between level of multimorbidity and hospitalization or ED visit risk in this older population with dementia.

In this study, more than one-quarter of otherwise eligible long-stay home care clients aged 50 y and older were diagnosed with dementia. This prevalence is comparable to that found in other studies of the home care sector in Ontario \[[@pmed.1002249.ref021],[@pmed.1002249.ref022]\], and larger than in the general population in the province \[[@pmed.1002249.ref036]\] or elsewhere \[[@pmed.1002249.ref037]\]. The high prevalence of multimorbidity we observed in our cohort is consistent with previous studies on comorbidity among persons with dementia residing in a community setting \[[@pmed.1002249.ref002],[@pmed.1002249.ref038],[@pmed.1002249.ref039]\], where hypertension, osteoarthritis, and diabetes are commonly reported. More than one-third of our study population had five or more chronic conditions in addition to dementia, and only 11% of our sample had dementia alone or with one other condition. Multimorbidity, therefore, is very much the norm rather than the exception in this group of patients.

Detailed examinations of the relationships between multimorbidity with health service utilization within the dementia population are currently limited. Bynum et al. \[[@pmed.1002249.ref009]\] described crude rates of hospitalization for all causes and for ambulatory-care-sensitive conditions stratified by number of chronic conditions. As in the current work, outcomes were more frequent with each additional condition. These findings have important implications for patients with dementia, their families and care providers, and healthcare policymakers. They highlight the need to develop effective interventions targeted to the particular needs of this population. Unique challenges exist in detecting and managing comorbidities for dementia patients \[[@pmed.1002249.ref040]\], including difficulties in communicating medical complaints because of memory and language deficits. Clinical encounters may also be dominated by dealing with dementia and its manifestations, to the exclusion of other conditions. While patient-centered care embracing the principles of chronic disease management should be encouraged \[[@pmed.1002249.ref041]\], the nature of dementia will in itself make this more difficult.

A component of chronic disease management and improved health system integration, measures of COC quantify the dispersion of physician visits among providers. We found that physician continuity decreased with increasing multimorbidity in the dementia population. Interestingly, low (versus high) COC was associated with an 11% increase in hospitalization risk and a 7% increase in ED visit risk in age- and sex-adjusted analyses, but results were nonsignificant in the fully adjusted models. We also found that COC did not modify the associations between level of multimorbidity and hospitalization and ED visit outcomes, a finding verified in multiple sensitivity analyses. In contrast, COC was found to modify observed associations between multimorbidity and hospitalization (adjusting for age and sex) in the general population of Ontario \[[@pmed.1002249.ref023]\], and low levels of COC have been associated with higher rates of hospitalization, ED visits, imaging and laboratory testing, and healthcare spending among dementia patients (relative to propensity-matched Medicare beneficiaries) in the Unites States \[[@pmed.1002249.ref020]\]. Although comparisons between studies are limited due to differences in study populations, together these findings indicate that the relationship between multimorbidity, COC, and healthcare is complex. For dementia care in particular, careful attention will have to be placed on the quality, appropriateness, and quantity of interactions between the lead practitioner, the patient, family caregivers, and other components of the healthcare system such as home care delivery.

In this regard, there are multiple targets for future research. Detailed examination of the longitudinal relationships between the intensity of (formal and informal) long-stay home care services and physician continuity may provide insights into our null findings. Both informational and management continuity \[[@pmed.1002249.ref042]\] may play a role as effect modifiers of the relationship between multimorbidity and health service use, but this has yet to be explored. In addition, differences in health system access may exist in rural versus urban areas, which has implications for home care use, frequency of physician visits, and use of acute and emergency services. We were unable to explore these differences in the current work as most (88%) of our study cohort resided in urban areas. Exploring these and other areas could be useful in identifying which individuals with dementia are most at risk and in need of intervention.

This study has several limitations requiring comment. This study was a retrospective cohort analysis of routinely collected health information and is therefore subject to limitations arising from the nature of the data \[[@pmed.1002249.ref043]\]. We treated multimorbidity level and COC as fixed covariates in all analyses. Inclusion of time-varying variables in competing risk regression, however, can result in biased estimation \[[@pmed.1002249.ref044]\]. We focused only on all-cause hospitalizations, without stratifying by specific reasons for hospitalization and ED visits. Such stratification could potentially inform interventions. We also focused only on clients with dementia. The effects of multimorbidity and physician continuity on a population without dementia may be different. Future studies comparing persons with versus without dementia may help to explain our findings. Strengths of this work include a large and representative population-based sample of community residents with dementia in the home care sector. Results would be expected to be generalizable to other jurisdictions with comparable healthcare systems that provide similar community-based services to persons with dementia. Whether our findings also apply to those living with dementia in the community who have not yet presented to the healthcare system is unknown and should be investigated in future studies. We used validated algorithms to define many chronic diagnoses, and the conditions we investigated are also consistent with those explored by other researchers and governing bodies to understand multimorbidity elsewhere \[[@pmed.1002249.ref045],[@pmed.1002249.ref046]\]. Our models considered multiple competing risks and also adjusted for multiple but independent disease severity indicators that are not readily available in traditional health administrative databases. Linking to the RAI-HC data enabled this inclusion.

Conclusions {#sec017}
-----------

With increases in life expectancy and improvements to disease detection, the number of individuals living in the community with dementia and multimorbidity will increase. Our findings regarding the distribution of chronic disease burden and associated elevated risks of acute hospital admission and ED visits may be useful for healthcare providers and policymakers in identifying at-risk individuals with dementia in the community and setting priorities for care strategies. Heightened relational physician continuity did not modify the associations in this study. Additional research is therefore warranted to identify modifiable health system and other factors predictive of health outcomes to facilitate the development of effective interventions aimed at reducing costly health system use for this complex population.
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:   continuity of physician care
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ED

:   emergency department
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:   long-term care

MDS-HSI

:   Minimum Data Set Health Status Index

RAI-HC

:   Resident Assessment Instrument for Home Care

sHR

:   sub-hazard ratio
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